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'HVSLWHLWVLPSRUWDQFHWKHUHLVDJHQHUDOODFNRIJXLGHOLQHVRQWKLVWHFKQLTXH0RVWRIWKHLPSOHPHQWDWLRQFDVHV
IROORZDWULDODQGHUURUDSSURDFKDQGDOVRODFNIROORZXSDIWHULPSOHPHQWDWLRQ7KHJXLGDQFHGRFXPHQWSURSRVHGE\
>@LVRQHRIWKHPRVWLPSRUWDQWDQGZLGHO\NQRZQ)RUWKHVL]HRIWKHVHFWRUV>@UHFRPPHQGVWKHXVHRIDZLGH
UDQJHRIQXPEHURIFRQQHFWLRQVFRQQHFWLRQVZKHUHDV>@UHFRPPHQGVDZLGHUDQJHRISLSHOHQJWK
NPGHSHQGLQJRQWKHUHTXLUHGDFFXUDF\IRUZDWHUORVVHVFRQWURO
$OWKRXJK VHFWRUL]DWLRQ HQWDLOV VHYHUDO EHQHILWV LW DOVR KDV VRPH UHPDUNDEOHGUDZEDFNV UHGXFWLRQRI K\GUDXOLF
UHGXQGDQF\ZKLFKWUDQVODWHVLQWRPRUHKHDGORVVHVGXHWRDQLQFUHDVHRIIULFWLRQDQGLQWRUHGXFWLRQRIWKHFDSDFLW\
RIWKHQHWZRUNWRRYHUFRPHFULWLFDOVFHQDULRVQHJDWLYHLPSDFWRYHUZDWHUTXDOLW\ZKLFKVWHPVIURPDORZHULQJLQ
ZDWHUYHORFLW\,QJHQHUDOVPDOOVHFWRUVGHOLYHUPRUHDFFXUDF\WRGHWHFWIDXOWVHJDEXUVW+RZHYHUWKH\DOVRHQWDLO
KLJKHULQYHVWPHQWLQWKHSXUFKDVHRIPRUHYDOYHVDQGIORZPHWHUV/DUJHVHFWRUVLPSOHPHQWDWLRQRQWKHRWKHUKDQG
LVH[SHFWHGWREHOHVVH[SHQVLYH+RZHYHUDFFXUDF\WRGHWHFWIDXOWVLVUHGXFHG)URPDOOWKHDERYHLWFDQEHFRQFOXGHG
WKDWDJRRGVHFWRUL]DWLRQOD\RXWKDVWREDODQFHWKHK\GUDXOLFRSHUDWLRQDODQHFRQRPLFDODVSHFWVRID:616HYHUDO
FRPSXWHUEDVHGPHWKRGVKDYHEHHQSXWIRUZDUGLQRUGHUWRFUHDWHVHFWRUL]DWLRQVFKHPHVLQ:61V0RVWRIWKHPKDYH
WDFNOHGWKHVHFWRUL]DWLRQSUREOHPIURPDJUDSKSDUWLWLRQLQJSHUVSHFWLYHGHILQLQJWKHVHFWRUVDURXQGRQHRUVRPHIHZ
VRXUFHV>@1HYHUWKHOHVVVRPHQHWZRUNVDUHGHSHQGHQWRQDWUXQNQHWZRUNDQGDFFRUGLQJO\LWZRXOGEHQRW
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FOXVWHULQJLQJUDSKVZKHUHWKH
QXPEHURI VXEGLYLVLRQV LVDSULRUL NQRZQDQG FOXVWHULQJ LQJUDSKVZKHUH VXFKQXPEHU LV LQLWLDOO\ XQNQRZQ7KH
VHFRQGLVEHWWHULGHQWLILHGDVFRPPXQLW\GHWHFWLRQZKLFKVWHPVIURPVRFLDOQHWZRUNWKHRU\6177KLVWKHRU\VWXGLHV
WKHUHODWLRQVDPRQJLQGLYLGXDOHOHPHQWVERXQGE\EULGJHHQWLWLHV$VRFLDOQHWZRUN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FDQEHDEVWUDFWHGIURPDQ\
V\VWHPZLWKLQWHUUHODWHGLQGLYLGXDOV(JIULHQGVKLSDPRQJSHRSOHLVGHSLFWHGDV61VLQWKHZHEVSDFH$UHPDUNDEOH
FRQFHSWEHWZHHQWKH617LVFHQWUDOLW\ZKLFKLVDPDJQLWXGHXVHGWRDVVHVVWKHLPSRUWDQFHRIDJLYHQHOHPHQWLQWKH
QHWZRUNWRLQWHUFRQQHFWWZRRUPRUHQRGHV1RGHDQGSLSHEHWZHHQQHVVDUHWZRZHOONQRZQPHDVXUHVWKDWDOORZWKH
TXDQWLILFDWLRQRIWKLVPDJQLWXGH7KHEHWZHHQQHVVRIDJLYHQQRGHRUSLSHPHDVXUHVWKHDPRXQWRISDWKVWKDWFRQQHFW
WZRJLYHQQRGHVDQGWKDWSDVVWKURXJKWKDWQRGHRUSLSH>@
7KHUHDUHVRPHDOJRULWKPVWRHIILFLHQWO\FRPSXWHFRPPXQLWLHVLQ61V,QJHQHUDOWKH\DWWHPSWWRXQYHLOWKHJUDSK
FRPPXQLW\VWUXFWXUHZKLFKPD[LPL]HVLWVPRGXODULW\PHDVXUH7KHODWWHUPHDVXUHUHSUHVHQWVWKHIDFWWKDWWKHUHDUH
PDQ\HGJHVZLWKLQHDFKFRPPXQLW\DQGRQO\IHZEHWZHHQWKHP>@6SHFLILFDOO\WKH:DONWUDSDOJRULWKPZRUNV
EDVHGXSRQWKHLGHDWKDWUDQGRPZDONVWKURXJKRXWWKHJUDSKWHQGWRGHWHFWVXEJUDSKV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
LW FDSWXUHV ZHOO WKH FRPPXQLW\ VWUXFWXUH LQ D QHWZRUN LW FDQ EH HIILFLHQWO\ FRPSXWHG DQG LW FDQ EH XVHG LQ
DJJORPHUDWLYHDOJRULWKPVWRFRPSXWHHIILFLHQWO\WKHFRPPXQLW\VWUXFWXUHRIWKHQHWZRUN3HUIRUPDQFHFRPSDULVRQV
RIWKHPHWKRGZLWKRWKHUVLPLODUPHWKRGVKDYHVKRZQWKHDGYDQWDJHVRIWKLVDOJRULWKPLQWHUPVRIUHVXOWVTXDOLW\DQG
KDYHUDQNHGLWDPRQJWKHEHVWPHWKRGVLQWHUPVUXQQLQJWLPH>@$OOPHUJHVWKDWDUHFDUULHGRXWLQWKHFRPPXQLW\
VHDUFKSURFHVV WKDWKDVEHHQHDUOLHUGHVFULEHGFDQEHUHSUHVHQWHGDVDGHQGURJUDPZKLFK LVDJUDSKLFDOVWUXFWXUH
ZKHUHHDFKJUDSKQRGHLVLQLWLDOO\UHSUHVHQWHGDVDQLQGLYLGXDOFRPPXQLW\$VWKHSURFHVVDGYDQFHVWKHQRGHVDUH
MRLQHGWRIRUPQHZFRPPXQLWLHV7KHUHVXOWLQJFRPPXQLWLHVDUHPHUJHGVXFFHVVLYHO\XQWLODOOWKHQRGHVIRUPSDUWRI
DXQLTXHFRPPXQLW\
$VVWDWHGDERYHDOOV\VWHPVZLWKLQWHUUHODWHGQRGHVFDQEHUHSUHVHQWHGDVD61DQG:61VDUHQRWWKHH[FHSWLRQ
,QWKLVFDVHWKHQRGHVWDQNVDQGUHVHUYRLURIWKH:61FRUUHVSRQGWRWKHQRGHVRIWKH61ZKHUHDVWKHSLSHVYDOYHV
DQGSXPSVDUHWKHHGJHV2QFHD:61LVDEVWUDFWHGDVD61WKHFRQFHSWVGHVFULEHGDERYHFDQEHDSSOLHGWRDSSURDFK
WKHVHFWRUL]DWLRQSUREOHPDVDFRPPXQLW\GHWHFWLRQSUREOHP
0HWKRGRORJ\
7KLVVHFWLRQGHVFULEHVWKHSURSRVHGPHWKRGRORJ\WRVHFWRUL]H:61VGHSHQGLQJRIDWUXQNQHWZRUN)LUVWO\ WKH
OLQHVWKDWVKRXOGQRWEHLQFOXGHGLQWKHVHFWRUL]DWLRQWKHWUXQNQHWZRUNDUHLGHQWLILHGE\PHDQVRIHGJHEHWZHHQQHVV
IORZDQGGLDPHWHUDQDO\VLV$VPRVWRIWKHOLQHVKDYHDEHWZHHQQHVVPHDVXUHPHQWYDOXHRYHU]HURWKHZDWHUXWLOLW\
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WHFKQLFDOVWDIIVKRXOGGHFLGHVWKHWKUHVKROGWKDWGHILQHVWKHOLQHVWKDWDUHSDUWRIWKHWUXQNDQGWKRVHWKDWDUHSDUWRI
WKH GLVWULEXWLRQ QHWZRUN 7KLV VWHS HQGV ZKHQ WKH WUXQN QHWZRUN LV WHPSRUDOO\ VHJUHJDWHG IURP WKH GLVWULEXWLRQ
QHWZRUN
2YHUWKHQHZUHGXFHGJUDSKWKHZDONWUDSDOJRULWKPLVH[HFXWHGLQRUGHUWRGHWHFWWKHFRPPXQLW\GLYLVLRQZLWK
KLJKHVWPRGXODULW\,QWKLVSRLQWDVHFWRUVL]HFRQVWUDLQWVKRXOGEHVHW,IWKHFRPPXQLW\OD\RXWZLWKKLJKHVWPRGXODULW\
GRHVQRWPDWFKWKHVL]HFRQVWUDLQWDGGLWLRQDOFRPPXQLW\PHUJLQJRUVSOLWWLQJFDQEHFRQGXFWHGE\VFDOLQJXSRUGRZQ
WKHRXWSXWGHQGURJUDP2QFHWKHFRPPXQLWLHVWKDWPHHWWKHVL]HUHTXLUHPHQWDUHLGHQWLILHGWKHSURFHVVFRQWLQXHVWR
WKHHQHUJ\DQGK\GUDXOLFHYDOXDWLRQVWDJH
7KHHQHUJ\DQGK\GUDXOLFDVVHVVPHQWLVLQWHQGHGWRGHWHUPLQHZKLFKOLQHVDUHPRUHFRQYHQLHQWWREHDSSRLQWHGDV
HQWUDQFHVIRUHDFKVHFWRU,WLVFDUULHGRXWE\PHDQVRIWZRLQGH[HVDQGE\PHDQVRISUHVVXUHFRPSDULVRQV7KHILUVW
RIWKHLQGH[HVLVWKHUHVLOLHQFHLQGH[,UDQGWKHVHFRQGRQHLVWKHKHDGUHGXFWLRQLQGH[,KL7KH,USURSRVHGE\>@
PHDVXUHVWKHFDSDFLW\RIDQHWZRUNWRRYHUFRPHSLSHIDLOXUHV,WKDVEHHQXVHGDVFULWHULRQLQSUHYLRXVO\SURSRVHG
VHFWRUL]DWLRQPHWKRGRORJLHV>@7KHVHFRQGRQHLVDQHVWLPDWLRQRIWKHLQGH[RISRZHUUHGXFWLRQ,KUGXHWRGHSOR\LQJ
DVHFWRUL]DWLRQOD\RXW)LQDOO\WKHXSSHUDQGORZHUSUHVVXUHYDOXHVEHIRUHDQGDIWHUVHFWRUL]DWLRQLPSOHPHQWDWLRQDUH
FRPSDUHG7KLVHQHUJ\DQGK\GUDXOLFHYDOXDWLRQDUHFDUULHGRXWLQWKHSHULRGRIORZHUSUHVVXUHKLJKHUGHPDQGJLYHQ
WKHIDFWWKDWLWLVWKHZRUVWVFHQDULR(QVXULQJZDWHUVXSSO\LQWKLVSHULRGHQVXUHVVXSSO\WKHUHVWRIWLPH7KHHTXDWLRQV
XVHGWRFDOFXODWHWKHLQGH[HVHDUOLHUPHQWLRQHGDUHGLVSOD\HGEHORZ
7KHUHVLOLHQFHLQGH[,U
7KHWRWDODYDLODEOHSRZHU3WLQWKHQHWZRUNFDQEHFDOFXODWHGE\DGGLQJXSWKHSRZHUVXSSOLHGE\DOOWDQNVDQG
SXPSVHTXDWLRQ
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U:DWHUGHQVLW\FRUUHVSRQGLQJWRNJP
J*UDYLW\DFFHOHUDWLRQH[SUHVVHGLQPV
4L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7KHYDOXHRI3QPD\EHH[SUHVVHGLQUHDOWHUPVZKHQDUHDOKHDGYDOXHLVXVHGLQLWVFDOFXODWLRQ,WPD\DOVREH
H[SUHVVHGLQWKHRUHWLFDOWHUPVZKHQDUHTXLUHGKHDGYDOXHLVXVHG$VLWLVVKRZQLQHTXDWLRQWKHUHTXLUHGKHDGLV
FDOFXODWHGE\DGGLQJXSWKHQRGHHOHYDWLRQDQGWKHUHTXLUHGSUHVVXUHYDOXH
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DPRUHJHQHUDOHYDOXDWLRQFDQEHFDUULHGRXWE\MXVWFRPSDULQJWKHUHGXFWLRQRI3QUHVXOWLQJIURPLPSOHPHQWLQJD
JLYHQVHFWRUL]DWLRQOD\RXWVHHHTXDWLRQ7KLVDSSURDFKZRXOGEHPRUHVXLWDEOHIRUQHWZRUNVZRUNLQJXQGHUIDLU
FRQGLWLRQVZKHUHWKHPLQLPXPSUHVVXUHUHDFKHVYHU\ORZYDOXHV
Q
 
Q
 
Q
[ [
L L
L
KU Q
L L
L
4 +
,
4 +
 
 
§ ·u¨ ¸¨ ¸  u¨ ¸u¨ ¸© ¹
¦
¦
  
ZKHUH
,KU,QGH[RIKHDGUHGXFWLRQ
4L['HPDQGFRQVXPSWLRQDQGOHDNVLQDQRGHLDIWHUVHFWRUL]DWLRQH[SUHVVHGLQ݉ଷ ݏΤ 
+L[+HDGLQDQRGHLDIWHUVHFWRUL]DWLRQH[SUHVVHGLQP
4L'HPDQGFRQVXPSWLRQDQGOHDNVLQQRGHLEHIRUHVHFWRUL]DWLRQH[SUHVVHGLQPV
+L+HDGLQQRGHLEHIRUHVHFWRUL]DWLRQH[SUHVVHGLQP
)LJVKRZVWKHZKROHSURFHVV
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
)LJ)ORZFKDUWRIWKHZKROHSURFHVV
,PSOHPHQWDWLRQH[DPSOHV
7KHDSSOLFDWLRQRIWKHPHWKRGRORJ\LVH[HPSOLILHGLQWKHVHFWRUL]DWLRQRIWZR:61V7KHILUVWRQHLVRQHRIWKH
H[DPSOHQHWZRUNVRIWKHVRIWZDUHRIK\GUDXOLFVLPXODWLRQ(3$1(7>@7KHVHFRQGRQHLVWKHQHWZRUNRIWKH%DWWOH
RI:DWHUQHWZRUNV,,%:1,,>@
([DPSOHQHWZRUNRI(3$1(7
7KLVQHWZRUNLVIRUPHGE\MXQFWLRQVUHVHUYRLUVWDQNVDQGSXPSV)LJGHSLFWVWKHSURFHVVFDUULHGRXW
E\WKHPHWKRGRORJ\WRILQGWKHRXWOLQHRIVHFWRUL]DWLRQ7KHRXWSXWLVDQHWZRUNVXEGLYLVLRQLQWRILYHVHFWRUVVHH)LJ
7KHORZHUVL]HOLPLWZDVVHWDWPDQGQRXSSHUOLPLWZDVVHW


)LJ6HFWRUL]DWLRQSURFHVV
7DEOHVKRZVWKHHQHUJ\DQGK\GUDXOLFLQGLFDWRUEHIRUHDQGDIWHUVHFWRUL]DWLRQ,WVKRZVKRZWKHGHSOR\PHQWRIWKH
VHFWRUL]DWLRQVFKHPHGRHVQRWDOWHUGUDVWLFDOO\QHLWKHUWKHHQHUJ\LQGLFDWRUVQRUWKHK\GUDXOLFLQGLFDWRUV,WLVDOVR
LPSRUWDQWWRKLJKOLJKWWKDWWKHVDPHQHWZRUNKDVEHHQSUHYLRXVO\XVHGWRH[HPSOLI\DPXOWLDJHQWEDVHG
VHFWRUL]DWLRQPHWKRGRORJ\>@,QWKDWVWXG\WKHQHWZRUNZDVVXEGLYLGHGLQWRWKUHHVHFWRUV7KHODNHWKHULYHUDQG
WDQNZHUHGHWDFKHGIURPWDQNDQGWDQN7KHZHDNQHVVRIWKDWVROXWLRQVWHDPVIURPWKHIDFWWKDWWKHODNHDQG
WKHULYHUDUHWKHRQO\VRXUFHVRIZDWHUWKDWIHHGWKHWDQNVWKXVGHWDFKLQJWKHPIURPWDQNDQGWDQNZRXOG
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WUDQVODWHLQWRVXSSO\VKRUWDJH


)LJ2XWSXWVHFWRUL]DWLRQOD\RXW1HWZRUNH[DPSOH(3$1(7
7DEOH(QHUJ\DQGK\GUDXOLFLQGLFDWRUV([DPSOH1HWZRUN(3$1(7
,QGLFDWRU %HIRUH
VHFWRUL]DWLRQ
$IWHU
VHFWRUL]DWLRQ
,U  
,KU 1$ 
8SSHUSUHVVXUHP
/RZHUSUHVVXUHP
$YHUDJHSUHVVXUHP
0HGLDQSUHVVXUHP



 





1HWZRUN%:1,,
7KLVQHWZRUNLVIRUPHGE\MXQFWLRQVUHVHUYRLUWDQNVDQGSXPSV8VLQJWKHSURSRVHGPHWKRGRORJ\
VHFWRUVZKHUHGHWHFWHGDVVKRZQLQ)LJ7KHORZHUVL]HOLPLWZDVVHWDWNPDQGQRXSSHUOLPLWZDVVHW,WLVZRUWK
PHQWLRQLQJWKDWWKLVQHWZRUNUHOLHVRQILYHVHFWRUVLQLWLDOO\SUHGHILQHG(DFKRIWKHPGHSHQGVRQDVLQJOHSXPSLQJ
V\VWHP+RZHYHUSXPSV\VWHPFRUUHVSRQGVWRWKHRQO\VRXUFHRIZDWHUIRUWKHHQWLUHQHWZRUNWKHUHIRUHGHOLPLWLQJ
SXPSLQJV\VWHPVDVSDUWRIVHFWRULPSOLHVWKDWDIORZPHWHUVKRXOGEHSODFHGDWWKHH[LWRIWKHVHFWRUWREHDEOHWR
UHJLVWHUWKHRXWIORZ7KHSURSRVHGPHWKRGRORJ\LQVWHDGHQFRPSDVVHVWKHVHJUHJDWLRQRIWKHOLQHVWKDWWUDQVSRUWZDWHU
IURPWKHSXPSLQJV\VWHPWRWKHUHVWRISXPSLQJV\VWHPV7DEOHVKRZVWKHHQHUJ\DQGK\GUDXOLFLQGLFDWRUEHIRUH
DQG DIWHU VHFWRUL]DWLRQ $V LW RFFXUV LQ WKH ILUVW H[DPSOH WKH VHFWRUL]DWLRQ OD\RXW LPSOHPHQWDWLRQ GRHV QRW DOWHU
PHDQLQJIXOO\WKHK\GUDXOLFDQGHQHUJHWLFSHUIRUPDQFHRIWKHQHWZRUN

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)LJ2XWSXWVHFWRUL]DWLRQOD\RXW%:1,,
7DEOH(QHUJ\DQGK\GUDXOLFLQGLFDWRUV1HWZRUN%:1,,
,QGLFDWRU %HIRUH
VHFWRUL]DWLRQ
$IWHU
6HFWRUL]DWLRQ
,U  
,KU 1$ 
8SSHUSUHVVXUHYDOXHP  
/RZHUSUHVVXUHYDOXHP  
$YHUDJHSUHVVXUHYDOXHP  
0HGLDQSUHVVXUHP  
&RQFOXVLRQ
7KLVZRUNSUHVHQWV WKHDSSOLFDWLRQRI VRPHFRQFHSWV WKDW VWHPIURP WKH617DORQJZLWKK\GUDXOLFDQGHQHUJ\
FULWHULDWRWDFNOHWKHSUREOHPRIVHFWRUL]DWLRQRI:61VGHSHQGLQJRIDWUXQNQHWZRUN7KHSURSRVHGPHWKRGRORJ\LV
EDVHGXSRQ WKH LGHD WKDW WKHUHDUHVRPHSLSHV WKDWVKRXOGQRWEH LQFOXGHG LQ WKHVHFWRUL]DWLRQVFKHPHEHFDXVH LWV
FORVXUH FDQ H[FHVVLYHO\ DIIHFW WKH SHUIRUPDQFH RI WKH QHWZRUN$OVR LW DGGUHVVHV WKH SUREOHPRI GHWHUPLQLQJ WKH
QXPEHURIVHFWRUVLQWKRVHQHWZRUNVZKHUHVXFKQXPEHULVDSULRULXQNQRZQ7KHDSSURDFKWRGHDOZLWKWKHODWWHU
DVSHFWLVEDVHGXSRQFRQFHSWVRIFRPPXQLW\GHWHFWLRQLQJUDSKV$VWKHQXPEHURIVHFWRUOD\RXWVWKDWFDQEHIRXQGLQ
D:61PD\EHH[FHVVLYHO\ODUJHWKHOD\RXWZLWKPD[LPDOPRGXODULW\LVXVHGDVVWDUWLQJSRLQWLQWKHVHDUFKRIWKH
FRPPXQLW\ WKDW EHVW ILWV WKH VL]H FRQVWUDLQW(QHUJ\ DQG K\GUDXOLF FULWHULD DUH WKHQ XVHG WRGHWHUPLQH WKHLUZDWHU
HQWUDQFHV7KLVPHWKRGKDV WKUHHDGYDQWDJHVRYHURWKHUVHFWRUL]DWLRQPHWKRGRORJLHVSUHYLRXVO\SUHVHQWHG)LUVWO\
VHFWRUV DUH GHSOR\HG RYHU WKH GLVWULEXWLRQ QHWZRUN ZKHUH SK\VLFDO ORVVHV DUH PRUH IUHTXHQW 6HFRQGO\ DV ODUJH
GLDPHWHUSLSHVDUHQRWLQFOXGHGWKHFRVWRIWKHSXUFKDVHRIIORZPHWHUVDQGYDOYHVLVH[SHFWHGWREHORZHUHG,WDOVR
IDFLOLWDWHVXUEDQFRQVWUXFWLYHDVSHFWVDVLWLVQRWH[SHFWHGWKDWWKHVPDOOHUGLDPHWHUSLSHVDUHORFDWHGLQWKHPDLQVWUHHWV
RIWKHFLW\7KHPHWKRGRORJ\KDVEHHQWHVWHGLQWKHVHFWRUL]DWLRQRIWZR:61V,QWKHZRUVWFDVHWKHGHYLDWLRQRIWKH
,ULV1HYHUWKHOHVVLWLVLPSRUWDQWWREHDZDUHWKDWWKHVHDUHUHODWLYHO\VPDOOQHWZRUNVWKXVLWZRXOGEHLPSRUWDQW
WRFKDOOHQJHWKHPHWKRGRORJ\LQDODUJHU:61V,QWKLVILUVWDWWHPSWWKHZDWHUXWLOLW\WHFKQLFDOVWDIILVUHVSRQVLEOHRI
GHFLGLQJ WKH VFRSH RI WKH WUXQN QHWZRUN 'HSHQGLQJ RQ WKH OHYHO RI H[SHUWLVH RI WKH WHFKQLFLDQV WKLV FDQ EH
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DSSURSULDWHO\RUZURQJO\ FRQGXFWHG$FFRUGLQJO\ LWZRXOGEH LPSRUWDQW WR UHO\RQ DPHFKDQLVP WR HQHUJHWLFDOO\
HYDOXDWHWKHDOWHUQDWLYHVRIWKHWUXQNQHWZRUN
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